Ammonium ion adsorption by laboratory-synthesized zeolite (linde type A; LTA) was investigated in batch kinetics experiments. Synthesized zeolite LTA was characterized by X-ray diffraction, scanning electron microscopy, energy-dispersive X-ray spectroscopy, thermogravimetric analysis, Fourier transform infrared spectroscopy and particle size analysis. Water samples were taken from the Nyam and Tano rivers in Ghana, and 0.8 g of zeolite was added to 100 ml portions of each sample. Portions of the samples were withdrawn every 30 min for 150 min and the concentration of ammonia in each sample was determined. The removal efficiency of zeolite LTA was evaluated by retrieving the zeolite from the water samples and adding to a fresh sample to repeat the process. Equilibrium data were fitted by Langmuir and Freundlich isotherms. Maximum adsorption capacities were 72.99 mg g À1 for samples from the River Nyam and 72.87 mg g À1 for samples from the River Tano. The equilibrium kinetic data were analysed using adsorption kinetic models: pseudo-first order and pseudo-second order kinetic models. Linear regression was used to estimate the adsorption and kinetic parameters.
INTRODUCTION
Ammonia (NH 3 ) is colourless gas that is highly soluble in water. In aqueous solutions, most (>90% below pH 8) of the ammonia is in the protonated form ammonium (NH 4 þ ) at equilibrium. Ammonia in the environment originates from both natural and anthropogenic sources. Nitrogen ammonia is found in wastewaters, leachates, condensates evolved during composting processes and effluents from mining wastewaters discharged into rivers (Tsuno et al. or of liver toxicity caused by ingested toxins and viral infection (Felipo & Butterworth ) . Ammonium ions may also contribute to the adverse effects of Helicobacter pylori on the stomach. H. pylori produces urease, which breaks contribute to the development of gastric haemorrhagic mucosal lesions (Nagy et al. ) . Neutrophils that migrate to the gastric mucosa in response to the presence of H. pylori may release hypochlorous acid, which can interact with NH 4 þ to produce the powerful cytotoxic oxidizing agent monochloramine (Murakami et al. ) .
In recent years, ion exchange and adsorption have become the most efficient method of removing nitrogen from water and wastewater. This is because removal by biological nitrification-denitrification processes has been found to be slow in response to shock loads of ammonia (Lahav & were then mixed together and again stirred until a homogenous gel was formed. The gel was transferred in to polytetrafluoroethylene (PTFE) bottles which were capped, then the bottles were put in a pre-heated electric oven at 100 W C for 4 h. The bottles were then removed and the reaction quenched immediately by running tap water over the bottles. The crystallized samples were filtered and washed copiously with distilled water until the pH of the filtrate was 9. The filtered samples were then dried in an electric oven at 100 W C for 12 h after which they were transferred into plastic containers and stored in a cupboard.
MATERIALS AND METHODS

Materials and instrumentation
Characterization of zeolite LTA
The zeolite was characterized using scanning electron microscopy (SEM), X-ray diffractometry (XRD), energy-dispersive X-ray spectroscopy (EDX), thermogravimetric analysis (TGA), Fourier transform infrared spectroscopy (FTIR) and particle size analysis. The surface morphology and the chemical composition were analysed by SEM and EDX using a Zeiss EVO 50 scanning electron microscope (Zeiss, UK). The EDX spectrophotometer was attached to the SEM microscope. The phase purity of the zeolite LTA was analysed with a Philips PW 1710 X-ray diffractometer (PANalytical UK Ltd, Cambridge). The chemical structure was examined by FTIR analysis using a
Mattson FTIR spectroscope (Thermo, Cambridge, UK) and the particle size distribution was analysed with a Mastersizer long bed 2000 analyser.
Adsorption and kinetic studies
The batch technique was utilized to monitor the effect of contact time on ion exchange. One hundred millilitre water samples (100 ml) were measured into conical flasks The solution was allowed to stand for 10 min and then placed into the photometer. Readings were taken at room temperature and the procedure was repeated three times to obtain an average concentration.
Repeated retrieval and reuse of zeolite LTA
The extent to which zeolite LTA persisted in its adsorption activity was investigated according to the method given by Kwakye-Awuah et al. () with some modifications. Zeolite LTA was retrieved after 150 h by centrifugation (6,900 × g, 6 min). The retrieved zeolite was washed copiously (five times) with de-ionized water and air-dried in a fume cupboard and then dried at 50 W C in an electric oven for 3 h. The retrieved zeolite was weighed and added to a fresh water sample with the same zeolite mass:water volume ratio, and adsorption activity was investigated as before.
RESULTS AND DISCUSSION
Characterization of zeolite SEM micrographs showed that LTA was highly crystalline and confirmed phase purity and uniform particle morphology morphology (Figure 1 ).
The XRD analysis of the zeolite ( The peak for oxygen coincides with that of iron; this overlap occurs because of the closeness of the energy levels of the backscattered electrons emitted by the two elements.
Removal of ammonia and adsorption isotherms
For each treatment type, the removal of ammonium ions by zeolite LTA was initially a fast process with 85% of the removal being achieved within the first 60 min ( Figure 5 ). 
where C e (mg/L) is the equilibrium concentration, q e (mg/g) is the amount of ammonium ion adsorbed at equilibrium, M (mg/g) and k L (L/mg) are the maximum adsorption capacity and Langmuir constants, respectively.
The linearized form can be expressed as:
The linear plot of Langmuir isotherm is shown in Figure 6 . The values of M and k L are calculated from the slope and intercept of the plot of C e /q e and C e . Table 1 The amount adsorbed after regeneration of zeolite LTA and when added to fresh samples gave similar results in all treatments for both rivers.
The Freundlich isotherm assumes a multilayer adsorption with interactions between ions and is expressed as (Huang et al. a )
where q e (mg/g) is the amount of ammonium ion adsorbed at equilibrium, k F (measure of adsorption capacity) and 1/n measure of adsorption intensity) are Freundlich constants. Taking natural logs on both sides of (3), we obtain
Values of C e and k F are calculated from a plot (Figure 7) of ln q e against ln C e and are given in Table 1 for all treatments in both rivers were less than 1 it follows that the Freundlich adsorption conditions were favourable.
The repeated retrieval and reuse of zeolite LTA showed that it continued in its adsorption activity (Figures 6-9 ).
Kinetic studies
To understand the adsorption mechanism of ammonium ion uptake onto the zeolite at time t, the pseudo-first and secondorder kinetic models were used. The pseudo-first-order kinetic model is given by the equation (Kucǐć et al. 2012 )
Integrating (5) from t ¼ 0 to t ¼ t and from q t ¼ 0 to q t ¼ q t we obtain ln(q e À q t ) ¼ ln q e À k 1 t
where q e (mg/g) and q t (mg/g) are the amounts of ammonium ion adsorbed at equilibrium and at time t and k 1 (1/min) is the pseudo-first-order rate constant. The values of q e and k 1 were calculated from the slope and intercept of a plot (Figure 8 ) of ln(q e À q t ) against t. 
Integrating from t ¼ 0 to t ¼ t and from q t ¼ 0 to q t ¼ q t we obtain
where, again, q e (mg/g) and q t (mg/g) are the amount of ammonium ion adsorbed at equilibrium and at time t and k 2 (1/min) is the pseudo-first-order rate constant. The values of q e and k 1 were calculated from the slope and intercept of a plot (Figure 9 ) of t/q t against t. Results obtained are shown in Table 2 ((a), (b)). As can be seen from 
Health implications of the presence of ammonia in relation to
The need to treat contaminated water bodies is very urgent because many farmers depend on a good water supply for their activities and also because of the increasing demand for potable water in urban and rural areas. Although ammonia levels in groundwater are usually below 0.2 mg/l, 
CONCLUSIONS
From the results obtained and their evaluation, it can be concluded that zeolite LTA is a good adsorbent for removing ammonium ions from aqueous solutions. 
